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1.  Since  the  inception  of  this  contract  in  August  1978,  research  activi¬ 
ties  have  been  directed  toward  the  development  and  definition  of  an  anti -idio¬ 
typic  antibody  (AIA)  in  the  outbred  primate,  M.  speciosa,  the  stump-tailed 
macaque.  Prior  work  at  the  Naval  Medical  Research  Institute  had  demonstrated 
that  such  an  antibody  could  be  raised  in  a  chimpanzee  model.  Our  purpose  was 

to  develop  this  antibody  in  a  small,  less  expensive  macaque  model.  In  addition, 
this  model  gave  us  an  opportunity  to  (a)  study  the  effect  of  various  immuno¬ 
suppressive  agents  on  cell  surface  receptors  and  (b)  aid  in  our  understanding 
of  immune  regulatory  mechanisms. 

2.  As  noted  in  the  first  6  month  report,  equipment  and  supplies  necessary 
for  cellular  culture  techniques  and  immunology  cellular  assay  systems  were 
developed.  By  February  1979,  the  laboratory  was  quite  functional  and  data 
concerning  the  lymphocyte  properties  of  M.  speciosa  were  being  defined.  A  care¬ 
ful  kinetic  examination  of  the  cellular  immune  response  in  this  species  to  both 
al loantigenic  and  mitogenic  stimuli  was  performed.  Results  of  these  studies 
are  noted  below; 

a.  Mitogens  -  mitogenic  concentrations  ranged  through  3  log  increments. 
Mitogen  studies  included  PHA(M)  0.01-5%,  Concanavalin-A  1 -1 000)jgm/ml , 
Pokeweed  0.1-50^gm/ml  and  LPS  (E.  coli)  0.1 -100)igm/ml .  Peak  CPM's  and 
time  of  maximum  response  are  as  follows: 


MITOGENS 

CPM  X  10^  +  S.E. 

DAY 

PHA  1% 

190  +  2.5 

4.5 

Con-A  25)igm/ml 

360  ±  4.1 

4 

Pokeweed  0.5>jgm/ml 

154  ±  6.3 

4.5 

LPS  10(^gm/ml 

15  ±  1.2 

4 

2. 


b.  Alloantigens  (MLR)  -  alloantigenic  responses  were  studied  in  nixed 
lymphocyte  culture.  Peak  responses  were  noted  on  Day  5  ±  0.5  with 
23,794  ±  2,569  cpm. 

c.  Primed  Cell  Stimulation  -  primed  cells  were  prepared  as  described  in 
the  original  contract  proposal.  Briefly,  cells  from  responder  monkey  (A) 
were  co-cultured  with  irradiated  cells  from  the  stimulator  monkey  (Bx) 
for  10  days.  On  the  10th  day  these  cells  were  harvested  and  re-stimulated 
with  the  original  cell  (Bx).  As  noted  below  we  clearly  demonstrate  the 
ability  of  these  "primed"  cells  to  respond  in  a  secondary  MLC. 


PRIMED 

RESPONDER 
cpm  ±  S.E. 

FRESH 

UNPRIMED 

RESPONDER 
cpm  ±  S.E. 

FROZEN 
UNPRIMED 
RESPONDER 
cpm  ±  S.E. 

Day  2 

16,322  ±  1,534 

7,432  ±  306 

3,197  ±  424 

Day  3 

8,717  ±  374 

6,175  ±  195 

5,603  ±  623 

Day  4 

13,235  ±  2,200 

2,419  ±  502 

Day  5 

26,149  ±  1,649 

12,908  ±  636 

d.  Despite  the  ability  to  produce  primed  cells  responsive  to  specific 

Q 

alloantigens,  we  were  unable  to  produce  the  quantity  (>10  )  of  these  cells 
for  immunization  and  subsequent  boosts.  This  was  a  critical  limiting 
step  in  the  experiments  since  we  were  never  able  to  harvest  enough  cells 
for  immunization  in  this  small  macaque  model.  Unlike  the  chimpanzee 
where  we  could  use  a  cell -separator  and  harvest  large  quantities  of  lympho 
cytes,  the  selective  immunosuppression  by  anti-idiotypic  antibody  in  the 
non-human  primate  stump-tail  produced  responsive  but  limited  numbers  of 
cells.  The  result  was  that  no  anti-idiotypic  antibody  was  produced. 


3. 


3.  In  Vitro  Effects  of  Pharmacologic  Agents  on  Lymphocyte  Subpopulation: 

Because  this  study  involved  the  production  of  specifically  primed  lympho¬ 
cytes,  experiments  were  performed  to  examine  the  effect  of  various  immunophar- 
macologic  agents  on  primed  cells  and  other  lymphocyte  subpopulations.  The 
results  of  these  studies  have  been  published  under  this  contract  in  separate 
journals  and  the  results  presented  at  two  international  congresses  and  one 
national  meeting.  (See  Publications.) 

Our  studies  provide  evidence  that  lymphocytes  primed  against  specific 
alloantigenic  cells  in  the  presence  of  the  potent  immunosuppressive  agent, 
Cyclosporin-A,  lost  their  ability  to  respond  in  an  accelerated  manner  to  the 
same  primary  alloantigens.  A  commonly  used  immunosuppressive  agent,  hydro¬ 
cortisone,  had  no  effect  on  the  response  of  the  primed  cell  in  secondary  cultures. 
The  experiments  suggest  that  the  constant  presence  of  the  compound,  Cyclosporin-A, 
may  interfere  with  cell  surface  receptors  in  the  recognition  phase  of  the  immune 
response.  This  action  may  be  responsible  for  a  portion  of  its  immunosuppressive 
actions.  Suppressor  cells,  however,  do  not  seem  to  be  effected  by  Cyclosporin-A, 
neither  in  the  generation  phase  or  in  the  function.  This  drug  did  not,  however, 
induce  the  formation  of  suppressor  cells. 

These  pilot  studies  have  helped  clarify  the  mechanism  of  this  immunosup¬ 
pressive  agent. 
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Effects  of  Cyclosporin  A  on  the  Generation  of  Primed 
Lymphocytes  In  Vitro 

S  B  Laaptnan.  R  S  Filo,  E  J.  Smith,  and  P.  Q  Smith 


Cyclosporin  a  (Cy-a).  a  new  ami- 

lymphocyiic  drug,  has  been  described  as 
a  potent  immunosuppressive  agent  '  ’  This 
compound  has  been  studied  in  multiple 
species  with  various  experimental  models,  yet 
the  mechanisms  of  its  immunosuppressive 
actions  remain  unknown.  In  vivo.  CY-A- 
trcated  rats  have  had  successful  engraftment 
of  bone  marrow  across  AgB-incompatible 
barriers  without  the  development  of  grafi- 
versus-host  disease.'  In  man.  the  drug  has 
modified  the  acute  skin  reactions  commonly 
seen  in  graft-versus-host  disease.'  Survival  of 
renal  allografts  in  mongrel  dogs  has  been 
prolonged  by  CY-A  treatment  In  clinical 
trials  with  CY-A.  Caine  et  al  have  reported 
some  success  in  patients  that  have  received 
renal  allografts  '  Jamieson  and  colleagues' 
found  that  CY-A  without  additional  immuno¬ 
suppressants  was  insuAicient  to  ensure  long¬ 
term  allograft  survival  in  a  primate  cardiac 
model  They  also  noted  that  short-term 
administration  of  the  drug  with  subsequrni 
discontinuance  did  not  permit  long-term  graft 
survival.  These  results  arc  contrary  to  those 
reported  by  Green  and  Allison  '  They  found 
that  CY-A  alone  was  able  to  induce  long-term 
renal  allograft  survival  in  rabbits  and  that  the 
animals  became  tolerant  toother  organ  trans¬ 
plants  from  the  original  donor,  but  not  from 
third-party  donors.'  Furthermore,  the  toler¬ 
ance  persisted  in  their  animals  even  after  all 
immunosuppressive  therapy  had  been  with- 
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drawn  (up  to  70  days  earlier).  Dunn.  White, 
and  Wade*  reported  similar  results,  but  indi¬ 
cated  less  specificity  in  that  669(  of  third- 
party  donor  allografts  survived  for  prolonged 
periods  even  after  the  withdrawal  of  CY-A. 

Experiments  have  also  been  performed  in 
vitro  to  clarify  the  mechanisms  of  this  drug. 
Proliferation  of  porcine  lymphocytes  were 
inhibited  with  CY-A  in  a  dose-dependent 
manner  when  challenged  by  phytohemagglu¬ 
tinin  (PHA)  or  alloantigenic  stimulation. 
Inhibition  was  significantly  higher  if  the  drug 
was  added  at  the  beginning  or  soon  after  the 
initiation  of  the  culture,  but  not  at  the  end  of 
the  culture  period.  T-cell  proliferation  was 
inhibited  with  5-l(X)  times  less  drug  than  was 
B-cell  proliferation.'*’  Leoni  and  colleagues" 
studied  the  response  of  human  lymphocytes  in 
culture  to  CY-A  and  reported  that  this  drug 
inhibits  blastogenesis  in  a  dose-dependent 
manner  when  cells  were  stimulated  by  PHA. 
conconavalin  A.  or  pokeweed  mitogen.  Lym¬ 
phoblasts  were  the  target  of  CY-A  activity 
and  resting  cells  were  not  effected. 

In  order  to  further  elucidate  the  antilym- 
phocytic  mechanisms  of  CY-A  in  vitro,  a 
model  using  normal  human  lymphocytes  was 
designed  to  answer  the  following  questions: 
(1)  Will  initial  CY-A  treatment  affect  the 
memory  of  lymphocytes  primed  to  specific 
alloantigens  when  challenged  by  the  alloan- 
tigens  in  secondary  cultures?  (2)  Will  those 
same  cells  be  responsive  in  secondary  cultures 
to  third-party  alloantigens?  (3)  Does  CY-A 
have  different  effects  on  primed  lymphocytes 
than  hydrocortisone  (HC),  a  known  immuno¬ 
suppressant?  The  results  of  these  experiments 
form  the  basis  of  this  report. 

MATERIALS  AND  METHODS 
Preparation  of  Primed  Lymphocytes 

Peripheral  blood  was  donated  by  healthy  volunteers 
Mononuclear  cells  were  separated  using  a  Ficcll-Hypa- 
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EFFECTS  OF  CV'A  ON  PRIMED  LYMPHOCYTES 

que  disconiinuous  gradient  procedure  (specific  gravity 
1.078)  Lymphocytes  were  primed  in  vitro  by  culturing 
16  X  10*  cells  from  responder  "A"  with  16  x  10^ 
(s-irradiated.  2S(X)  rads)  from  stimulator  “B  "  Concen¬ 
trations  of  responder  and  stimulator  cells  were  each 
maintained  at  4  x  IO*/ml  with  (he  appropriate  RPMI 
1640  culture  media  as  described  below  Cultures  were 
incubated  in  2'  sq  cm  up'-ght  flasics  at  37*C  in  a  5?  CO; 
humidified  atmosphere  for  10  days.  After  the  fourth  day 
of  incubation,  fresh  medium  was  added  to  the  cultures  at 
2-  .t-da>  intervals  Primed  cells  were  harvested  on  the 
tenth  day.  washed  with  medium,  layered  over  fetal  calf 
serum  to  remove  debris,  and  then  washed  again.  Cells 
were  counted  and  prepared  for  secondary  phase 
cultures 

Preparation  of  Media  ‘ 

Control  media  Four  separate  culture  media  (2 
controls.  I  cyclosporin  A.  and  1  hydrocortisone)  were 
used  in  the  experiment  Control  media  were  prepared  as 
RPMI  1640  with  Hepes  (25  m*/).  bicarbonate  (2  g/lit- 
er).  I -glutamine  (2mA/  liter),  gentamycin  (80  mg/liter). 
and  in'*  pooled  AB  human  plasma  Because  dimethyl- 
sulfoxide  (DMSO)  was  used  as  a  solvent  for  the  CY-A.  it 
was  necessary  to  use  a  control  for  this  agent  Therefore 
DMSO.  I*?  v/v.  was  added  to  the  above  RPMI  1640 
media,  and  this  preparation  served  as  the  DMSO  control 
medium 

Cvclosporin  A  media  iSando:.  Ltd .  Boiel.  Switzer- 
land'  CV-A  medium  was  prepared  by  the  addition  of  I 
ml  of  DMSO  to  100  ut  of  CY-A  This  was  slowly  added 
to  the  CY-A  medium  with  constant  stirring  Three  CY-A 
concentrations.  I  0.  0  5.  and  0  I  wg/ml.  were  used  during 
the  priming  phase  of  the  experiment  All  dilutions  of 
CY-A  media  were  made  with  I**  DMSO  control 
medium 

Hidrucortisone  sodium  phosphate  media  IHC: 
Merkr  Sharpe  S  Dohme.  W'esr  Point.  Pa  i  HC  was 
readily  soluble  in  RPMI  1640  culture  medium  and  used 
in  inal  conceniraiions  of  10.  5.  and  I  ug/ml  during  the 
primary  culture  phase  of  the  experiment  Dilutions  of 


hydrocortisone  were  made  with  the  standard  control 
medium. 


Secondary  Phase  Cultures 

All  secondary  cultures  were  performed  in  control 
RPMI  1640  media  without  CY-A.  HC.  or  DMSO  Fresh 
stimulator  cells  were  irradiated  with  2500  rads  and 
designated  as  B,  (original  reference  cell),  or  C,  or  D, 
(third-party  stimulators).  The  responding  primed  lym¬ 
phocytes  (A'B,).  5  X  10’  cells/ml  were  cultured  with  10* 
stimulator  cells/ml  in  a  microculture  system.  All  cultures 
were  i.tone  in  quadruplicate.  Equal  volumes  of  responder 
cells  and  stimulator  cells  (total  0.2  ml'  were  added  to 
microtiter  wells  and  incubated  from  0  i-.  v  days  At  the 
end  of  these  predetermined  periods,  each  microculture 
was  pulse-labeled  with  10  uCi  tritiated  thymidine  (*H- 
Tdr;  Schwarte/Mann.  Inc.,  Orangeburg.  N.J.;  specific 
activity  .  6  Ci/mM)  and  allowed  to  incubate  an  additional 
12-18  hr.  Cells  were  harvested  onto  glass-fiber  filter 
paper  with  a  MASH  unit  and  ’H-Tdr  incorporation 
subsequently  counted  in  a  Packard  liquid  scintillation 
counter 

RESULTS 

Primed  Lymphocyte  Recovery  Rates 

Lymphocyte  viability  was  determined  by 
trypan  blue  exclusion.  The  yield  of  primed 
lymphocytes  compared  to  the  original  respon¬ 
der  population  (16  x  I0‘)  is  noted  in  Table  I. 
There  was  a  92^  recovery  of  viable  primed 
lymphocytes  in  the  control  media.  Unlike 
controls,  all  DMSO-treated  cultures  (with  or 
without  CY-A)  had  an  extremely  p<X)r  recov¬ 
ery.  ranging  from  16*?  to  27*^.  Hydrocorti¬ 
sone-treated  cells  yielded  intermediate  recov¬ 
ery  of  viable  lymphocytes  between  48*?  and 
60Vr. 


T«bl«  1.  Lymp4)ocyt«  flatM  From  Cuttvr#  I 


Tore' 

HirvMtoC  •  10^ 

Vtatttrty 

ICwlll  •  10* 

Foreom  Viow 

IViCbt* 

Control 

16  3 

90^ 

14  7 

624r 

DMSO  vfv 

36 

B6<tt 

3  1 

164b 

Cyclosporin  A 

0  1  MO'tnl 

43 

6?<^ 

26 

164b 

0  5  tiO  'ml 

6  1 

70^ 

4  3 

2r4b 

t  0  mO  tnl 

65 

54^ 

30 

164b 

Hyprocorliiono 

1  0  nQ'mi 

11  4 

644b 

66 

604b 

5  0  nO  'fnl 

12  7 

604b 

66 

5S4b 

10  0  ^g/ml 

06 

604b 

7  7 

4a4b 

«• . 
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PRIMED  (A’Bx) 
VS 

primed  (A'BxI  Bx  Cx  Dx 

VS  DMSO  MEDIA 


Fl0.  t.  EffRct  Of  standard  control  and  DMSO 
control  prtmod  call*  on  B„  C.,  and  D,  stimulators. 

B,  is  tho  original  raforanca  stimuiator  call.  Also 
notad  is  tha  rasponsa  of  unprimad  A  calls  to  B,. 

C. .  and  D,.  Tha  stimulation  taidai  was  calculatad 
by  dividing  a  maan  axparlmantal  rasponaa  by  a 
maan  control  autologous  rasponsa  for  aach 
approprtata  madia  and  ttma  parlod. 


Primed  Cel!  Response  in 
Secondary  Cultures 

Controlled  media.  Figure  I  illustrates 
the  response  of  control  primed  cells 
DMSO-primed  cells  (A'B,)t)yso-  u”- 
primed  cells  (A)  to  individual  stimulator 
populations  f  B,.  C.,  D,).  There  were  temporal 
and  quantitative  differences  in  the  respective 
responses.  The  ((A  BJ^^,  +  BJ  response  was 
as  expected  on  day  2  with  a  stimulation  index 
(SI)  of  58  compared  to  an  SI  of  1.22  for  the 
unprimed  A  +  B.  culture.  ( A'B,)d„so  cells  also 
demonstrated  an  augmented  response  on  day 
2  (SI,  40)  to  reference  cell  B,,  while  the  peak 
response  to  third-party  control  cells  was  much 
lower.  The  response  of  [(A  BJo^so  B,J  was 
45.000  *  1810  cpm  compared  to  156,000  i 
5479  cpm  of  ((A'B,)^.„,  B,|  on  day  2.  This 

lower  response  is  not  surprising  since  DMSO 
is  known  to  inhibit  DNA  synthesis.  Thus,  it 
was  necessary  to  compare  CY-A-primed 
lymphocytes  to  the  DMSO  control  media- 
primed  lymphiK'ytes.  while  HC-primed  lym¬ 
phocytes  were  compared  to  the  standard 
control  media-primed  lymphocytes. 

Cyclosporin  A  media.  These  experiments 
were  performed  to  see  if  lymphocytes  in  a 
primary  mixed  lymphocyte  reaction  (MLR) 
with  various  concentrations  of  CY-A  would 


have  the  ability  to  develop  memory  cells,  i.e., 
primed  lymphocytes.  This  was  tested  by 
comparing  the  secondary  response  of  these 
cells  (A'BJcya  '*'•1^'  B„  C„  or  D..  to  the 
secondary  response  of  (A'B,)dmso  to  those 
same  stimulators.  The  (A’BJcy,*  cells  did  not 
respond  to  stimulator  cells,  neither  reference 
(B,)  nor  third-party  cells  (C,  or  D,)  on  days  1. 
2.  or  3.  (Fig.  2).  Despite  this  early  unrespon¬ 
siveness.  there  was  definite  activity  of 
(A'B,)fv.A  by  day  5.  This  response  was  appar¬ 
ent  in  all  CY-A  concentrations  and  was  not 
dose  dependent  in  the  range  tested. 
(A’B.Iomso  cells  did  exhibit  an  early  second¬ 
ary  primed  response  to  reference  stimulator 
B,  but  not  to  C,.  or  D,.  The  mean  response  of 
(A'BJes  A  to  on  day  5  was  equal  in 
magnitude  (48,508  ^  4366  cpm)  to  the  early 
primed  response  (45.302  -  1810  cpm)  seen 
with  (A’BJoMsoOn  day  2.  Also  the  (A'B,)(  ^a 
response  was  4.5  times  greater  on  day  5  than 
the  unprimed  cells  (A  -f  B.)  noted  in  the 
routine  MLR.  This  indicates  that  (A'B.)o  a 
maintained  the  ability  to  respond  de  novo  in 
secondary  cultures  as  long  as  CY-A  was  not 
present  in  the  medium 

Hydrocortisone  media.  The  effect  of 
hydrocortisone  on  lymphocyte  priming  is 
noted  in  Fig  3.  (A'B,)h(  responsitivity  to  B,. 
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Fig.  2.  R««pont«  of  cyclo«porin-A*primod  collt  in 
Mcondary  cuffurt  4o  original  •dmufator  0.  or  tMrd*porty 
•Umulttort  C,.  0,.  Concontrationa  of  CY>A  wora  utad  only 
during  lha  priming  phaaa  and  not  In  aacondary  culturaa. 
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Fig.  3.  Raaponaa  of  hydrocortiaor^a'primad  calia  in 
aacondary  cuftura  to  original  atimulator  B,  or  thlrd*party 
attmulatora  C,.  D,.  Concantratlona  of  HC  wara  uaad  only 
during  tba  priming  phaaa  and  not  In  aacondary  culturaa. 


C„  D,  was  delayed  by  24  hr,  compared  to 
The  peak  response  to  reference 
stimulator  B.  was  seen  on  day  3  instead  of  day 
2.  There  was  no  inhibition  of  the  response 
with  (A'B,)h(,  in  fact,  the  response  was 
augmented.  The  memory  of  (A'B,)hc  "'as 
unaffected  since  the  stimulation  of  these  cells 
to  reference  cell  B,  was  earlier  and  more 
vigorous  than  to  C,  or  D,  stimulators. 

As  noted  in  Fig  4.  (A'BJcv  *  inhibited 


early  in  the  culture  system,  but  this  inhibition 
is  lost  by  day  5.  The  inhibition  is  most  marked 
(96'?)  against  reference  cell  B,,  but 
(A'B,)c^  A  also  responded  less  to  C,  and  D, 
over  the  same  time  period.  (A'B,)hc  cells  were 
found  to  show  no  preferential  inhibition  to 
reference  cell  B,  or  third-party  stimulators  C, 
or  D,.  Unlike  CY-A,  therefore,  HC  did  not 
interfere  with  lymphocyte  priming. 
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Fig  4.  Inhibition  of  cyclotporin-A-primod  coM  rO' 
iponpoc  to  opocific  otimuiotoro  in  tocondary  cuituroa. 
Inhibition  wot  cilculatod 

cpm  Eip.  cpm  Modia 
cpm  Control  cpm  Madia 

whara  Eip.  maan  raaponaa  of  (A'B.)c«*  or  (A'B,)hc  Io  a 
atimuiator  call;  Control  maan  raaponaa  of  <A’B.^o«^  or 
|A'8,)«^  to  a  atimuiator  call;  Madia  >  apontanaous  ’H-Tdr 
uptaha. 
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DISCUSSION 

NNc  chose  lo  examine  the  mechanism  of 
O'-A  in  a  primed  lymphocyte  culture  model. 
It  is  known  that  lymphoid  cells  from  two 
unrelated  individuals,  when  mixed  togciher. 
will  undergo  blastogencsc.-*.'- ''  The  recogni¬ 
tion  of  antigenic  determinants  on  the  stimula¬ 
tor  population  will  lead  to  a  generation  of 
lymphoid  cells  that  have  specific  memory  for 
those  determinants. “  '*  These  memory  cells, 
when  cultured  in  (lie  secondary  phase  mixed 
lymphocyte  traction  (MLR)  with  their 


primary  reference  stimulator  cell,  will  re¬ 
spond  rapidly  and  vigorously  usually  within 
the  first  48-72  hr  of  culture.  Unprimed  cells, 
however,  will  respond  in  a  more  routine 
manner,  generally  developing  a  maximum 
response  at  day  5  rather  than  day  2  or  3."' 

If  CY-A  inhibits  onl'-  blastogenic  cells  in 
MLR,  we  hypothesized  that  it  might  inhibit 
the  formation  or  the  response  of  primed 
(memory)  cells.  We  also  reasoned  that  other 
lymphocytes  not  responding  to  the  reference 
stimulator  in  the  priming  culture  would 
respond  in  a  routine  fashion  to  third-party 
alloantigens  in  a  secondary  culture.  The 
results  have  confirmed  our  hypothesis  since 
(A'B,)(  va  cells  did  noi  respond  to  reference 
stimulator  B,  in  a  primed  fashion  in  the 
secondary  culture  on  days  I  or  2.  HC  had  no 
such  effect  on  the  primed  cells,  since  (A'B,)„( 
responded  in  a  primed  manner  to  B,  the  same 
as  controls  did.  Also,  the  primed  response 
noted  by  (A'B.)|,mso  to  B,  on  day  2  makes  it 
certain  that  the  solvent  DMSO  is  not  respon¬ 
sible  for  the  failure  of  ( A'B.)c  va  to  develop  a 
primed  response.  In  addition.  (A'B.)o  a 
responded  at  day  .‘i  to  the  original  reference 
cell  and  third-party  stimulators,  indicating 
the  CY-A  effect  was  gone  at  this  time.  A 
disturbing  finding  in  the  experiment  was  the 
lack  of  a  dose  response  to  CY-A,  since  other 
in  vitro  studies  with  this  drug  have  shown 
dose  dependence. 

It  might  be  argued  that  the  data  are  a 
consen"':.'’ce  of  inadequate  washing  of  CY-A 
during  the  transfer  of  cells  from  priming  to 
secondary  cultures.  If  this  were  the  case  and 
CY-A  was  bound  to  the  cellular  membranes 
or  present  in  the  cy  toplasm,  we  would  expect 
continuous  suppression  of  these  cells  from  day 
0  through  Leoni  and  colleagues"  reported 
that  '''l-CY-A  was  rapidly  taken  up  by 
lymphocytes,  whether  resting  or  stimulated. 
However,  complete  elimination  of  the  drug 
was  obtained  in  as  little  time  as  6-7  hr.  if  the 
cells  were  cultured  in  a  CY-A-free  medium. 
They  also  reported  that  if  CY-A-treated  cells 
were  first  washed  and  then  resuspended  in 
medium  lacking  the  drug,  but  containing 
PHA.  they  would  show  considerable  mito- 
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genu.  rceoTcrv  within  the  lirsi  4S  72  hr 
Furthermore,  data  from  our  laboraior>. 
(unpublished)  have  shown  that  MIR  is 
suppressed  with  C'N-A  at  a  .s()',  inhibition 
(ID,,,)  of  0  .^  Rp 'ml  W  hite  and  eolleagues'" 
h.ne  found  similar  results  Thes  reported  that 
psireme-primed  cells  were  inhibited  with  CN  - 
A  at  an  ID,,,  of  I  0  »ip,  ml  in  the  seeondars 
pha  se  cultures  Since  our  initial  concentra¬ 
tions  of  CA -A  ranged  between  0.1  and  1.0 
*ig  'ml.  it  is  highls  unlikels.  after  the  multiple 
washings,  ih.it  enough  C\- A  was  carried  over 
to  effect  the  secondars  phase  cultures  signifi¬ 
cant  l\ 

•Although  the  mechanisms  of  immunosup¬ 
pression  remain  unclear,  several  in  vitro  and 
in  \  no  studies  have  now  shown  that  this  agent 
inhibits  thsmus-dependent  humoral  and  T- 
ccll  immune  respsinses  • '  In  addition.  T-cell 
responsneness  to  PH  A  and  Con-.-\  mitogene- 
sts  IS  inhibited  in  a  dose-dependent  manner 
with  an  ID,,,  of  0.5  ug'ml  and  0.1  ug/ml. 
respeciivels  (unpublished  data).  Clearl>.  the 
agent  suppresses  onl>  blastogenic  cells  and 
has  little  efleci  on  uns.iniulated  cells 

From  the  in  vno  and  in  vitro  observations, 
three  theories  regarding  mechanisms  have 
been  proposed  The  first  is  a  speculation  that 
CA  -  \  completeK  eliminates  clones  of  cells 
and  thus  creates  tolerance  in  certain 
species  ‘  ^  Our  results  would  tend  to  disprove 
this  concept  since  we  found  that  (  A'B.),  s  , 
cells  were  able  to  respond  to  both  original 
relerence  stimulator  and  third-part\  stimula¬ 
tors  b\  the  fifth  das  in  seeondars  culture 
This  suggests  that  CA  -A  must  be  continualls 
present  to  inhibit  cellul.ir  responses  to  alloan- 
tigenic  slimul.ilion.  and  total  elimination  of 
the  cells  did  not  sKcur.  Second.  Gordon  and 
Singer  '  infer  that  the  mechanism  of  CA -A 
mas  be  an  inhibition  to  the  T  "helper”  cell 
population  Our  experimental  model  was 
unable  to  define  which  subpopulation  of  T 
cells  was  inhibited  bs  (A -.A  However,  the 
continued  presence  of  the  drug  was  nccessars 
to  obtain  the  results  Fmalls.  an  interesting 
concept  regarding  the  mechanism  of  CA  -  A 
has  been  raised  bv  Tutschka  and  colleagues  ' 
Thes  speculate  thatThe  tolerance  inferreYi  bv 


CA'-A  in  a  rat  bone  marrow  model  may  be  the 
result  of  an  accelerated  appearance  of  a 
T-suppressor  cell  population.  Our  results 
would  not  support  this  concept,  since  one 
would  have  expected  any  nonspecific  suppres- 
.sor  cell  activity  to  be  operative  throughout  the 
secondary  phase  cultures  Also,  the  signifi¬ 
cant  loss  of  cells  after  10  days  of  primed 
cultures  makes  it  unlikely  that  the  mechanism 
of  this  drug  IS  activation  or  stimulation 

In  conclusion,  the  data  provide  evidence 
that  lymphocytes,  primed  in  vitro  against 
specific  alloantigens  in  the  presence  of  CY-A. 
lost  their  ability  to  respond  in  an  accelerated 
or  primed  manner  to  those  same  alloantigens 
in  a  secondary  culture.  This  was  not  true  of 
cells  primed  in  vit  j  with  hydrocortisone 
However.  CY-A  cells  were  able  to  respond  to 
original  alloantigens  by  the  fifth  day  in  a 
secondary  culture  These  data  suggest  that 
the  constant  presence  of  CY'-A  is  necessary  to 
exhibit  its  antilymphocytic  activity. 
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Sl’MMARY 

Thf  funga]  meubolite.  cyclosporin  A.  is  a  potent  immuno- 
su[)prfa«i\f  compound.  Experiments  were  performed  in  vitro 
with  both  human  and  nonhuman  primate  peripheral  blood 
l>-mphocvtfs  to  study  the  effect  of  this  agent  on  suppressor  cell 
acttvit>  Cyclosporin  A  did  not  affect  the  generation  or  function 
of  concanavalin  A-induced  suppressor  lymphocytes  as  mea¬ 
sured  hy  their  ability  to  suppress  thymidine  uptake  of  lympho- 
cyie.'  in  secondary  cultures.  No  evidence  of  suppressor  cell 
induction  was  noted  by  incubation  of  lymphocytes  with  only 
cyclosporin  A  V\'e  conclude  that,  although  cyclosporin  A  does 
not  generate  or  induce  suppressor  cell  lymphocytes,  it  does 
spare  them,  while  inhibiting  other  subpopulatiuns.  This  effect 
may  create  an  imbalance  in  the  immune  system  which  results 
in  profound  .suppression 

Those  cells  responsible  for  the  induction  of  the  immune 
.system  are  the  lymphocyles.  It  is  now  established  that  these 
immune  responses  are  modulated  and  regulated  by  sub.sets  of 
lymphocytes,  .specifically .  the  thymus-derived  (T)  ceUs  which 
can  either  suppress  or  augment  humoral  or  cellular  immune 
reaction.'  i  In  addition  to  the  autoregulatory  mechanisms, 
certain  pharmacological  and  biological  agents  can  profoundly 
eftect  the  activity  of  these  lymphocytes,  creating  immunosup- 
pressiye  or  immunoenhancing  milieus.  Such  an  immunosup¬ 
pressive  agent  is  cyclosporin  A  (CS-A),  an  antifungal,  cyclic 
endecapeplide  with  a  unique  amino  acid  (4l. 

Thi.'  compound  has  been  reported  to  be  antilymphocytic  (.5- 
7i.  but  Its  eflect  on  .specifu  .subpopulations  of  lymphocytes  has 
received  little  attention  Our  laboratory  has  been  interested  in 
thi-  compound  and  in  vitro  assays  have  been  used  to  probe  its 
immunosuppressive  mechanisms  We  recently  reported  the  ef¬ 
fect  of  CS  A  on  memory  cell  function  and  its  ability  to  suppress 
primed  lymphocyles  against  specific  alloantigens  (81.  Gordon 
and  .'singer  ifti  have  inferred  that  CS-A  may  inhibit  helper  T 
c  ell  populations  while  Tul.schka  el  al  I  lOl  suggest  that  toler- 
anc  e  indue  ed  by  f'.S-A  in  a  rat  bone  marrow  model  may  be  the 
result  of  an  accelerated  appearance  of  the  T  suppressor  cell 
population  To  better  understand  the  influence  of  this  agent  on 
suppressor  c  ell  populations,  in  vitro  experiments  were  designed 
to  answer  the  following  questions  (ll  Does  CS-A  inhibit  the 
generation  of  c  one  anas  aim  A  tCun  A I -induced  suppressor  cells? 
(Ill  Can  CS-A  inhibit  the  function  of  these  suppressor  cells?  (31 
Will  C.st-A  alone  stimulate  the  formation  of  suppressor  cells'’ 
(4i  is  the  effect  of  (’.''•A  on  Con  A  generated  suppressor  cells 
dose  dependent  ’  The  results  of  these  experiments  form  the 
basis  of  this  rejMirt 

'Thi-  wcirk  was  supiKirled  bv  ONK  Grant  Contract  NtXKI14-78-r- 
041.’  I’resenleri  al  the  .Sixth  Annual  Meeting  of  the  American  .Society 
of  I  ran.splani  .Surgeons.  Chicago.  Illinois.  May  29  to  31.  1980 


MATERIALS  AND  METHODS 

Mononuclear  Cell  Preparation 

Peripheral  blood  was  obtained  by  venipuncture  from  healthy 
human  volunteers.  Mononuclear  cells  were  isolated  by  FicoU- 
Hypaque  discontinuous  gradients  (specific  activity,  1.07SI.  All 
ceUs  were  washed  with  RPMI  1640,  counted,  and  cultured  as 
noted  below.  In  some  experiments,  specifically  noted,  peripheral 
blood  lymphocytes  (PBL)  were  obtained  fi-om  healthy  stump¬ 
tailed  macaques  (Macaco  speciosa  1  and  processed  the  same  as 
human  cells. 

Preparation  of  Suppressor  Cells 

Primary  culture.  Medium  used  in  these  experiments  was 
RPMI  1640  with  10‘r  pooled  human  or  monkey  plasma  supple¬ 
mented  with  HEPES  (25  mM).  bicarbonate  (20  g/liter),  L-glu- 
tamine  (20  mg/liter),  and  gentamycin  (80  mg/liter).  Con  A  (10 
to  25  pg/ml;  Sigma.  St  Louis.  Missouri)  alone  or  in  combination 
with  CS-A  (0.1  pg/ml:  Sandoz.  Ltd.,  Basel.  Switzerland)  was 
added  to  the  above  culture  medium.  Control  cells  (nonacti- 
vated)  were  incubated  in  medium  only.  Since  CS-A  is  insoluble 
in  water,  it  was  dissolved  in  absolute  ethyl  alcohol  to  a  final 
concentration  of  0.2*^ .  This  concentration  of  alcohol  was  present 
in  al)  culture  media  and  did  not  effect  lymphocyte  responsive¬ 
ness.  In  one  experiment  using  lymphocytes  from  M.  speciosa. 
only  CS-A  (0.1  pg/ml)  was  added  at  the  beginning  to  the 
primary  culture  to  determine  if  this  agent  would  stimulate 
generation  of  suppressor  cells.  In  a  second  set  of  experiments 
macaque  lymphocytes  were  stimulated  with  Con  A  and  various 
dose  dilutions  of  CS-A  (0.01  to  1,0  fig, ■'ml).  These  mitogen- 
stimulated  lymphocytes  (suppressor  cells)  were  cultured  in  25- 
cm'  flasks  at  1  x  10’'  cells/ml.  Incubation  was  carried  out  in  a 
5Sr  COj  humidified  atmosphere  for  72  hr  at  37  C.  At  the  end  of 
3  days,  these  cells  were  harvested,  washed  two  times  with  75 
mM  o-methyl-D-mannoside.  and  twice  with  RPMI  1640.  All 
cells  were  counted  and  viability  was  assessed  by  trypan  blue 
exclusion  Functional  viability  of  these  primary  cultured  cells 
was  determined  by  plating  aliquots  of  control.  Con  A,  or  CS-A 
-f  Con  A  cell  cultures  into  microtiter  wells.  These  aliquots  were 
labeled  with  1.0  pc  of  tritiated  thymidine  ( ’H]TdR  (Schwarz/ 
Mann,  Inc.,  Orangeburg.  New  York,  specific  activity,  6  c/mM) 
for  an  additional  12  to  18  hr.  Cells  were  harvested  onto  glass 
filter  fiber  paper  with  a  MASH  unit  and  [  ’HJTdR  incorporation 
was  subsequently  counted  in  a  Packard  Uquid  scintillation 
counter.  These  day  0  responses  were  necessary  to  examine  the 
inhibitory  effect  of  CS-A  on  the  Con  A-treated  cells.  The 
remaining  primary  cultured  cells  were  irradiated  with  2,S(X)  to 
4.000  rad  and  subsequently  placed  in  secondary  cultures  to 
assay  for  suppresion. 

Secondary  cultures.  Fresh  cells  from  the  human  volunteers 
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or  rhr-  macaques  were  obtained  and  separated  as  described 
above  These  cells  were  then  cultured  in  microtiter  wells  (1  x 
10  well)  with  phytohemagglutinin  (PHA)  (1%),  Con  A  (25  fig/ 
mil  or  pokeweed  (0.5  fig/mll  mitogens  for  3  days.  For  certain 
exp«-riments  cells  were  stimulated  with  irradiated  (2,500  R) 
alloantigeneii  or  autologous  lymphocytes  as  a  mixed  lympho¬ 
cyte  culture  (MLC)  for  5  days. 

.4.vxoy  fur  suppressor  artuity  Each  population  from  the 
pnmarv  cultures  was  assayed  fur  suppressor  activity  in  the 
secondarv  cultures  described  above.  These  putative  suppressors 
were  added  to  the  secondary  cultures  at  1  x  10^  cells/well.  All 
res|Minding  cells  in  the  secondary  culture  system  were  autolo¬ 
gous  with  the  suppres.sor  cells.  At  the  end  of  the  respective 
culture  period,  the  cells  were  pulse  labeled  with  [  'H]TdR  12  to 
lb  hr.  harvested,  and  counted  in  a  Packard  liquid  scintillation 
counter 


Tahi  s  I  Human  I’BL  recovery  rales  and  ( 'HjTdK  incorporation 
after  72  hr  of  primary  culture 
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Data  and  statistics.  Data  from  mitogen-stimulated  experi¬ 
ments  are  expressed  as  mean  cpm  ±  SE  of  quadruplicate 
cultures.  Percentage  of  suppression  was  calculated  as 

7  suppression  »  I -(cpm  NA/cpm  Exp)  x  1(X) 

where  cpm  Exp  -  cpm  of  secondary  cultures  with  Con  A  or 
Con  A  -f  CS-A  cells  and  cpm  NA  •  cpm  of  secondary  cultures 
with  cultured  but  nonactivated  control  cells. 

Alloantigen  stimulated  responses  are  expressed  as  stimula¬ 
tion  indices  (Sis).  The  SI  is  a  ratio  of  the  allogeneic  stimulated 
response  divided  by  the  autologous  stimulated  response.  The 
percentage  of  suppression  in  these  experiments  were  done  as 
follows; 

9  suppression  =  1-(SI  experimental/Sl  control)  x  100 

where  SI  experimental  -  allogeneic  responses  with  Con  A  or 
Con  A  -e  CS-A  added  cells  and  SI  control  »  allogeneic  response 
with  cultured  but  nonactivated  control  cells  present  in  the 
secondary  culture.  The  significance  of  the  suppression  as  de¬ 
scribed  above  was  tested  by  Student's  one-tailed  f-test  or  an 
analysis  of  variance  (F). 

RESULTS 

Effects  of  Con  A  or  CS-A  on  Primary  Cultured  Cells 

Table  1  shows  the  recovery  rates  and  proliferative  responses 
of  human  lymphocytes  in  primary  cultures  as  determined  by 
viable  cell  counts.  After  72  hr  there  was  a  mean  recovery  rate 
of  126*^  in  Con  A-cultured  cells  compared  to  the  original 
number  of  cells  placed  in  culture.  The  combination  of  CS-A 
and  Con  A  resulted  in  a  SI'S  recovery  rate  compared  to  an  84^ 
recovery  rate  of  the  cells  cultured  but  not  activated.  A  signifi¬ 
cant  suppression.  67  ±  111,  in  [  '^H]TdR  uptake  was  noted  in 
those  cultures  containing  Con  A  +  CS-A  when  compared  to 
Con  A  cultures.  This  inhibitory  response  is  similar  to  previous 
experiments  done  in  this  laboratory  where  the  dose  of  0.18  pg 
of  CS-A  per  ml  was  necessary  to  create  a  SO'y  inhibitory 
response  (1D  <,).  We  also  observed  that  Con  A-stimulated  cul¬ 
tures  were  nearly  lOO'?  blasts  while  Con  A  -e  CS-A  cultures  had 
less  than  lO't  blasts 


'!  vm  I  .•'uppri’s.vir  ai  iiv  me.-  of  Cun  A  or  Con  A  -r  CS-A-stimulated  human  lymphorvte.v  on  the  mitogenic  responses  of  autologous 

lymphocytes 
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Effects  of  NA,  Con  A-,  or  Con  A  +  CS  A-treated  Cells  on  the 
Proliferatice  Responses  of  Autologous  Cells 

Mttogemc  responses.  The  suppression  conferred  on  PBL 
mitogen-induced  proliferation  is  shown  in  Table  2.  The  sup¬ 
pression  demonstrated  bv  both  Con  A  and  Con  A  -f  CS-A- 
treated  cells  was  similar  for  all  three  stimulatory  mitogens.  The 
degree  of  suppression  comparing  Con  A  to  Con  A  CS-A 
suppressor  cells  was  not  significantly  different  in  these  experi¬ 
ments.  It  IS  important  to  note  that  the  proliferative  responses 
in  these  secondary  cultures  are  from  the  responding  autologous 
cells  and  not  from  the  added  suppressor  ceUs  since  they  had 
been  irradiated  prior  to  addition  to  the  secondary  culture.  Also, 
there  was  no  carryover  of  Con  A  or  CS-A  into  the  secondary 
cultures  since  uptake  of  [  ‘HJTdR  of  nonactivated.  Con  A,  or 
Con  A  -e  CS-A  suppressor  cells  were  not  different  in  unstimu¬ 
lated  cultures  containing  these  cells  only. 

Allogeneic  re^Hinses  Suppressor  cells  were  added  to  mixed 
lymphocyte  reactions.  The  results  in  Table  3  demonstrate  sig¬ 
nificant  suppression  by  both  Con  A  and  Con  A  -e  CS-A  cells. 


There  was  a  649  mean  suppression  induced  by  the  Con  A  cells, 
compared  to  the  839  noted  by  the  Con  A  -f  CS-A  suppressors. 
Tliese  responses  are  statistically  different  as  determined  by  an 
analysis  of  variance,  F  »  7.58  ( P  <  0.051.  Suppression  was  more 
pronounced  with  the  more  specific  allogeneic  stimulation  than 
with  the  more  potent  but  leas  specific  mitogens. 


CS-A  Dose  Responses  in  Primary  Cultures  (M.  speciosa) 

These  experiments  were  performed  with  PBLa  from  M.  spe¬ 
ciosa.  We  have  previously  shown  that  these  cells  respond  to 
mitogens,  alloantigens,  and  CS-A  in  vitro  similar  to  human 
cells.  A  do.se  response  curve  through  2  log  increments  was 
performed.  Figure  1  illustrates  that  CS-A  in  doses  from  O.OI  to 
1.0  pg/ml  had  no  effect  on  the  generation  of  Con  A  suppressor 
cells  and  that  these  cells  were  able  to  suppress  an  allogeneic 
response  in  MLR  by  509.  Doses  higher  than  1.0  pg/ml  were 
not  done,  however,  and  it  is  possible  that  an  increased  concen¬ 
tration  could  decrease  Con  A-induced  suppressor  cell  activity. 


Tablf  3  Suppression  of  allogeneic  responses  of  normal  human  Ivmphocytes  by  Con  A  or  CS-A  -s  Con  A  pretreated  auto'ogous  cells 
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Generation  of  Suppressor  Cells  by  CS-A  Alone  in  Primary 
Cultures 

Since  it  was  feasible  that  CS-A  alone  could  generate  sup¬ 
pressor  cells,  thus  series  of  experiments  was  performed.  Table  4 
illustrates  that  in  general  CS-A-treated  primary  cells  do  not 
show  suppressor  activity.  One  animal,  however,  did  develop 
suppressor  cell  activity  against  mitogen  responses  which  was 
equal  to  that  induced  by  Con  A  suppressors.  None  of  the  other 
animals  tested,  however,  were  able  to  suppress  significantly  an 
allogeneic  response  and  we  conclude  that  these  experiments 
demonstrate  the  inability  of  CS-A  to  generate  suppressor  cells. 
These  experiments  also  indicate  that  there  was  no  carryover  of 
CS-A  from  primary  cultures,  since  the  secondary  culture  re- 


CYCLOSPORIN  A  ugm 'ml 

Fir.i  RF  1  Dose  response  curve  of  CS-A  (means  ±  SEl  added  to  a 
con.siani  conremratiun  of  25  ag  of  Con  A  per  ml  in  primary  culture. 
There  was  no  difference  in  percentage  of  suppression  between  0.01  and 
1  u  ug  of  CS-A  per  ml  when  these  cells  were  tested  in  secondary  cultures 
for  suppressor  activity  i  Af  spectosa  I 


aponses  with  the  addition  of  these  cells  were  at  least  equal  to  or 
greater  than  the  addition  of  nonactivated  but  cultured  cells  to 
a  secondary  culture. 

DISCUSSION 

Although  the  mechanism  of  immunosuppreaaion  by  CS-A 
remains  unclear,  several  in  vivo  and  in  vitro  studies  in  multiple 
species  have  now  shown  that  this  compound  inhibits  thymus- 
dependent  (T  cell)  humoral  and  cell-mediated  immune  re¬ 
sponses  (4-6,  II,  12).  Its  actions  may  be  augmented  in  vivo, 
however,  by  the  sparing  of  suppressor  cells,  thereby  enhancing 
the  relative  number  of  these  cells  as  a  result  of  a  diminished  T 
helper  cell  subpopulation. 

Shou  et  al.  iI3)  reported  on  a  population  of  cells  present  in 
the  peripheral  blood  of  normal  humans  that  could  be  induced 
by  Con  A  to  manifest  suppressor  cell  function.  These  cells, 
whether  autologous  or  allogeneic,  inhibited  blast  transforma¬ 
tion  and  [’H]TdR  incorporation  by  untreated  lymphocytes  in 
both  mixed  l3m>phocyte  reactions  and  mitogenic  or  antigenic 
stimulated  situations.  It  was  further  demonstrated  by  these 
investigators  that  the  effect  occurred  without  evidence  of  cy¬ 
totoxicity.  Others  (74)  have  reported,  however,  that  cytotoxic 
effector  cells  can  be  activated  by  (3on  A  incubation  under  very 
specific  in  vitro  conditions.  Sakane  and  Green  (IS)  concluded 
that  those  cells  induced  by  Con  A  to  suppress  cell  to  cell 
reactions  were  thumus  (T)  cell  dependent  and  that  (Ton  A- 
stimulated  B  cells  did  not  exhibit  suppressor  activity.  Further 
separation  of  these  cells  by  discontinuous  bovine  serum  albumin 
gradients  indicated  that  high  but  not  low  density  T  cells  pro¬ 
duced  marked  suppression,  yet  this  fraction  of  cells  incorpo¬ 
rated  little  thymidine  when  exposed  to  Con  A.  This  finding  is 
in  Agreement  with  experiments  (76)  done  with  murine  cells 
where  suppressors  (Ly-2.3)  were  found  in  a  blast  cell  fraction 
and  their  induction  was  not  inhibited  by  prior  treatment  with 
irradiation  or  mitogens  (76). 

This  study  examined  the  in  vitro  effects  of  CS-A  on  a  sup- 


Tabi.f  4  EfTrri  of  CS  A-pretreated  cells  in  secondary  cultures  with  autologous  responders  stimulated  by  either  mitogens  or  alloantigens  (M. 

spectosa ) 
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not  Significant 

*  .SI.  cslculations  described  in  Mslerials  and  Methods. 


408 


TRANSPLANTATION 


Vol  90.  No  C 


prossor  roll  population  in  both  human  and  nonhuman  primate 
ruliured  ('eU>  The  results  indicate  that  Con  A-induced  sup¬ 
pressor  cells  are  unaffected  b\  coculture  with  CS-A  despite  a 
marked  inhibition  (ST'e  1  1 1*?  I  of  ( 'H]TdR  uptake  in  those  CS- 
A  *  Con  A  cultured  primary  cells  The  addition  of  CS-A  to  the 
primary  culture  also  reduces  the  number  of  blast  cells  present 
at  the  end  of  the  incubation  period  The  remaiiunf  cells  still 
suppressed  mitogenic  responses  in  secondary  cultures  equal  to 
those  suppressor  ceUs  induced  by  Con  A  alone  and  significantly 
more  suppression  was  noted  by  these  cells  in  allogeneic  re¬ 
sponses  It  would  seem  reasonable  to  conclude  that  CS-A  had 
no  detrimental  effect  on  the  generation  of  suppressor  cells  and 
enhanced  theu  activity  in  suppressing  the  alloantigeneic  re¬ 
sponses  Howevei .  kinetic  studies  that  examine  the  peak  day  of 
suppressor  activity  were  not  done  and  it  is  possible  that  CS-A 
simply  shifted  the  peak  day  of  response.  Another  reservation 
concerning  thus  conclusion  is  that  dose  response  studies  to 
deiemiine  the  optimum  concentration  of  suppressor  cells  was 
not  performed  Nevertheless,  the  findings  are  suggestive  that 
CS-A  i.<i  suppressor  cell  sparing  and  may  even  enhance  suppres- 
.sor  actiMlv 

Sparing  of  the  suppre.ssor  cell  population  was  not  adversely 
affected  b\  increa.sing  concentrations  of  CS-A  as  measured  by 
I  HJTdH  uptake  We  have  previously  found  that  1.0 /ig  of  CS- 
A  per  ml  w  ill  routinely  inhibit  DNA  synthesis  up  to  909  in  both 
human  and  M  specio.-a  peripheral  blood  lymphocytes  How- 
e\er.  ev  en  thi.s  dose  was  not  high  enough  to  mhibit  the  gener¬ 
ation  of  suppressor  cells  in  these  experiments.  It  is  possible  that 
larger  doses,  i.e  .  greater  than  1.0  pg/ml  could  be  inhibitory. 

It  IS  important  to  note  that  in  these  studies  CS-A  alone  was 
unable  to  generate  suppressor  cell  activity  in  peripheral  Wood 
1 ,  n^phocytes  Except  for  one  animal  who  did  significantly  sup- 
pr.  --  mitogenic  responses  (but  not  alloantigeneic  responsesi,  no 
•let  CS-A-cultured  cells  demonstrated  suppressor  activity. 

findings  would  dtsagree  with  the  concept  proposed  by 
1 .1's,  hka  el  al  l  I(h  who  have  suggested  that  CS-A  may  create 
an  ai  i  eleraied  appearance  of  suppressor  cells.  Our  experiments 
indnatf  that  after  CS-A  treatment,  some  lymphocytes  are 
spared  and  continue  their  physiological  immune  function,  per¬ 
haps  unaltered  Although  we  were  unable  to  determine  specif¬ 
ic, ill\  whether  C.S-.A  enhanced  suppressor  cell  activity  and/or 
eiiniin.ited  or  inhibited  T  cell  helper  populations,  our  results  do 
supp'iri  the  concept-s  of  Gordon  and  Singer  (9).  They  have 
pt  rfnrnied  in  vitro  experiments  with  CS-A  and  have  inferred 
that  the  mechanism  of  CS-A  may  be  an  inhibition  of  the  T 
helper  <  ell  population  19).  Deeg  et  al.  (5)  using  an  in  vivo  dog 
skin  grab  model  were  unable  to  demonstrate  a  suppressor  cell 
niei  hanism  with  MLC  in  vitro.  They  postulated  that  CS-A 
it.sell  IS  the  "suppressive  principle"  acting  on  cell  surfaces, 
perhaps  blot  king  antigen  recognition  or  interfering  with  cell  to 
tell  interat  tions  Impressively,  they  were  able  to  demonstrate 
that  C.'^  A  was  capable  of  interfering  in  vivo  with  the  action  of 
sensni/ed  lymphocytes  They  may  represent  another  subpop¬ 
ulation  of  Ivmphot  ytes  upon  which  CS-A  is  active. 

Our  laboratory  has  previously  noted  that  lymphocytes, 
primed  in  vitro  against  specific  alloantigens  in  the  presence  of 
('.•s  A.  lose  their  ability  to  respond  in  an  accelerated  or  primed 


manner  to  thoae  tame  allocntigens  in  a  Mcondary  culture 
These  lymphocytes  did,  .however,  respond  normally  by  the  5th 
day  in  a  eecondary  culture.  Thaae  data  euggeeted  that  CS-A 
does  not  induce  tolerance  by  elimination  of  clonac  of  crils 
reactive  to  specific  alloantigens.  In  addition,  the  constant  pres¬ 
ence  of  CS-A  was  neceeaary  to  exhibit  its  antilymphocyuc 
activity  ( 7).  Homan  et  al.  ( 17)  have  reported  that  CS-A  given 
to  rau  in  doaat  up  to  10  mg/kg  for  14  days  failed  to  auppreae 
cell-mediated  cytotoxicity  la  T  cell  phenomenon!  but  did  in¬ 
hibit  the  humoral  responaas  as  measured  by  lymphocytotoiina 
appearing  in  recipient  serum.  These  studies  give  further  evi¬ 
dence  that  CS-A  may  exert  its  immunoeuppreesive  potential  on 
the  T  helper  subpopulatione  and  leave  unhindered  T  supprceeor 
cell  activity.  If  hirther  experiments  bear  this  out,  this  compound 
will  also  prove  to  be  an  extremely  useful  tool  in  the  laboratory 
to  separate  T  lymphocyte  subpopulations. 

In  conclusion,  CS-A  seems  to  spare  and  in  certain  instances 
enhance  Con  A-generated  suppressor  cells  and  their  function  in 
the  two  species  examined.  This  sparing  effect  was  present  up  *o 

I. 0  fig  of  CS-A  per  ml.  However,  CS-A  was  unable  to  induce  the 
generation  of  suppresaor  cell  activity  from  penpheral  blood 
lymphocytes  without  the  additional  preaence  of  Con  A.  The 
immunosuppressive  mechanism  of  this  unique  compound  may 
result  from  inhibition  or  killing  of  T  helper  subpopulations  and 
sparing  of  T  suppressor  cell  fractions  rMulting  in  an  imbalance 
of  immunoregulation  that  culminates  in  profound  suppression. 
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Differential  Effects  of  Cyclosporin-A  on 
Lymphocyte  Subpopulations 

S  B  Leapman  R  S  Filo  E  J  Smith,  and  P  G.  Smith 


Till  funji.il  niciabolnc.  cvcl»Kptirin- A 
It  >  -  M.  IS  a  uniijuc  c\clic  poKpcpiidc 
'll!  has  poicni  biologii.  properties  These 
>.1  nines  inelude  a  remarkable  immunosup- 
■resMxe  elleel  on  UmphiKsles  Mithoul  an\ 
-igniiieani  ni>eloio\ieii\  '  '  The  suppressive 
.  lleei'  of  (  >  -  X  on  l\ inphiKvies  ma\  involve 
Ills  speeifie  Kmphocvte  populations  or 
subsets  o(  these  populations  To  elucidate  the 
dilfereniial  effects  of  C  \  on  normal 
hum. in  peripher.il  blisid  Ismphocvte  subpopu- 
l.iiioiis,  the  following  studies  were  designed 

MATERIALS  AND  METHODS 

Penplu'Ml  hLstd  w.o  obi.imcit  h\  vcniputislurc  Irom 
hcalihs  \1«*n»»nus Ic.n  cclK 'i^crc  \cptU.»tcd  on 

i  K>>n  tisp.i^uc  diNContmuouv  (tt.tdicnts  .ind  prepared  lor 
».u'ujrc  .IN  dcNvnbcd  prc'u'usU  *  I  vmphiKviCN  vkcfc  then 
letted  lor  rcNponMvencNs  b\  three  svNtetnx  til 

mit.tjjen  md  ,ilU»,»ntipcn  vtimul.iiton  t'l  l\mphtK\te 
fticm.'fs  hs  k'k.imininj;  pruned  l\mphtK\te  rcNponMvencNN 
io  rcicrcnvc  of  third  p.iriv  .tllo.intipenic  NtiniuKilors.  and 
I  t|  isniph.KNic  xupprcNNit'O  hv  <  ‘*n-  \  induced  NUpprcvs»>r 
cell  .iv  t  n  ii \ 

W//i/e<7i</W  ■lUdtinlii’fnit  SiinuilaltiKi 

I  \niphiKMe'  vkcrc  ».u(tu»od  >n  v.iF^ng  conccnirjlionc 
ol  t  ^  \  Smvc  (  >  N  tN  fONidoblc  in  w.iicr,  li 
diNv«(\t.-d  in  dime(h\>uirti\<dc  (l>MSl))  All  cclK  vkerc 
kultur-d  vkith  \' ‘  DMSO  .It  .1  concenlr.iiion  of  I  «  lO' 
KmphtH.ktCN  in  r4>und  bottom  mierouicr  vkclK  Mitogen 
'timul.ihon  vk.is  earned  out  vkiih  phytohemagglutin 
(PHA)  (I'm,  eoneanavaiin  a  ((on*A)  (2^  ug/trilL  or 
pi’hcvkccd  mnopcn  (PWM I  (0  0^  ug  'ml)  for  T2  hours 
At  the  end  of  this  culture  pernx)  I  •  of  'H  TdR  vk,is 
addvd  to  c.teh  vkcll  and  the  cclK  vkcre  incubated  for  an 
additii>n.il  12  IK  hours  The  Umph«Kvic>  <acrc  harvested 
onto  gl.iss  tiKr  tiller  paper  laith  a  MASH  unit  and 
radt«i.icti\e  incorpor.iiiun  counted  in  a  Packard  Scintilla- 
linn  (  ounter 

The  elTcei  of  (  V-A  on  alloantigenic  responses  Here 
ex.imined  hs  eulturing  responding  lymphocytes  <  I  *  10' 

tells  »kcll(  Hith  irradiated  (2'OOR)  allof^ntigcme  siimu- 
ldlt»r>  for  '  davs  in  the  prese’nce  of  ('V-A  The  percent 
suppression  u.is  ealeulaied  for  both  mitogens  and  alloan- 
ligens  .IS  lolltms  pcrecni  suppression  U  <pm  l-xp/ 
epm  <  t»filro!)  •  100.  nhere  cpm  l  up  eounts/min 


(  V  A  cultured  lymphocytes  and  cpm  (  onifol  •*  counts 
per  minute  cultured  lymphocytes  Hiihout  C  Y-A 

Mvntorv  C  ell  Function 

The  encti  of  t  Y-A  on  memory  cell  activity  was 
examined  by  studying  pnmed  iymphiK'yte  responses  to 
specitic  or  nonspecific  adoaniigcns  after  those  cells  had 
been  primed  it>  a  specific  reference  stimulator  tn  the 
presence  la  <  ^’-A  or  hydrot'ortisone  Details  of  the 
mcmi*ry  cell  scheme  have  been  rcp*»'ied  elsewhere* 
BricOv.  peripheral  blood  lymphocytes  (PBl  :  were  incu¬ 
bated  with  a  specific  irr.idiaicd  stimulator  fur  10  days  in 
control.  (N  A.  or  h>diiKi>riisonc  media  and  then 
harscsied  These  primed  cells  were  then  sumuLitcd  in 
second.irs  cultures  with  either  the  origin.il  alloantigenic 
siimulaliu  or  third  party  stimulators  tfig  It  At  days 
I  S  the  cultures  were  harvested  and  j'MlTdR  incorp»»rj- 
tion  measured  tn  a  lt(4uid  scintillation  counter 

Suppressor  (  eli  H\penmeuis 

Suppressor  cells  were  gcncr.itcd  b\  mcuhaiing  PBl  s  m 
media  Ciiniatning  Concanaialin- \  I  It)  2^ug  mh  lor  “2 
hours  In  some  espcnmcnis  PHI  s  were  cultured  in  Cv>n- 
A  media  plus  (  Y-A  10  I  ug  nd)  lo  determine  the  efTcci 
of  I  >  A  on  ihe  generation  of  C  on- A  suppressor  cells 
C  onirol  cells  were  cultured  in  media  containing  no  C  on- 
A  or  (  N  A  The  scheme  of  the  espcrimenis  is  illustrated 
in  I  .g  2  After  three  da\s  of  culture  the  primary  cells 
tconirol.  Con- A  or  Ci»n-A  •  C^-A)  were  harvested, 
irradiated  (4000  rads),  and  added  to  sccv>ndar\  cultures 
Autologous  rcspv>nders  m  these  secondary  cultures  were 
stimulated  with  either  alloantigeniv  irradiated  lympho¬ 
cytes  or  mitogens  t  PM  A.  C  on-  A.  or  P\k  M  |  These  secon¬ 
dary  cultures  were  (hen  incubated  for  an  addiOonal  y 
dsvs  for  mitogen  studies  or  y  days  for  alloaniigen  studies 
The  cells  were  harvested  and  T^TdR  uptake  was 


Prttm  the  fU'purtnn'nis  ttf  Surgvrs  iTransplaniatutm 
anJ  Mt'duifH' {Sephroluffyi.  tmtiunu  (  niwrsnx  MvJiml 
(  enU'r.  Indioisap^ths.  InJ 

SuppitrlrJ  in  poo  h\  0\R  (untruii  ,A-f)f)fl/4-^^- 

fivpnnt  rrt^uvsix  shnulJ  he  adJrtswJ  in  Pr  S  B 
l.rapnian.  Prpartmrni  of  Aurgen.  Injianu  i  nnersiu 
ktrduai  i'rntvr.  tndiunapniis.  imi 
f  l<iHI  h\  (irunv^  Straiion  tru 
OfM/  l.UyStpMH  (MNfSOf  (Ht/tl 


TrsoMpIsntBfton  P^ocuedkng*.  Vof  XIII.  No  1  (March).  1M1 


406 


406 


LEAPM4N  ET  AL 


OmRENTI^i 


^ 


cOSTROi  L>  t  1 0S‘'0B1S  A  H>  DUCK  OM  T  lSl>S| 

mAH'.IST  CfLLS  tU>  ’>•. 


flcAT^o  SCCON^ARv 
Cu  c'>  «<E 

s.  •■*  RfSPOsnC"? 

-e  l  .  e's 

•  *  S’  "i  .  *  ’OS 


PH  A  was  ihc  least  sensitive  to  CY-A  treat¬ 
ment. 

Memory  Cell  h  um  lion 

l-ymphoc>tes  sensitized  to  specilie  alloan- 
ligens  in  either  control.  C'Y-A.  or  hydrocorti¬ 
sone  media  were  assayed  for  their  subsequent 
primed  response  to  either  reference  or  third 
parly  alloantigeneic  stimulators  in  a  second 
culture  system  (.'Y-A  or  hydrocortisone  were 
not  present  in  any  secondary  cultures,  f  igure 
4  illustrates  the  primed  resp«)nse  of  these 
cells.  Control  cultures  show  that  the  primed 
cells  were  stimulated  by  day  2  with  reference 
alloantigens  as  expected.  This  early  response 
was  lost  in  cells  primed  in  the  presence  of 
CY-A.  However,  these  lymphocytes  were  able 
to  respond  in  a  normal  MLR  fashion  to 
alloantigenic  stimulation.  This  effect  on  the 
primed  cell  response  was  not  observed  in 
hydriKortisone  treated  primed  lymphocytes 
although  these  primed  cells  did  respnind  24 
hours  Liter  than  did  controls. 


I  !  L.4  . 

Fig.  1 .  Sch«m«  of  momory  coH  •Kponmontf. 

meaNured  SupprcNMon  ci»nl‘crfcd  on  (hoc  cuUurc^  b\  ihc 
puiaiivc  >upprc>sor  ccll>  ihcn  calculaicd  bv  ihc 
lolloping  (ormul.i  pcrccni  xuppre^K'n  (I  cpm  l-Ap/ 
cpniN  A)  ■  !IK)  \S  here  cpm  I  \p  rcxponxc  m  counts 
per  minute  of  sccondars  culture  vMih  C  on-  A  or  C  on-.A  * 
CV-\  cells  added  to  the  culture  and  cpm 
NA  counts  per  minute  of  secondarv  culture  with 
cultured  but  mmactivated  cells  added  to  the  culture 

RESULTS 

Mnof’en  and  Alloaniigen  Inhihiiion  hy  0  -.4 
figure  3  shows  the  dose  response  curves 
generated  with  varying  concentrations  of  CY- 
A  added  to  the  culture  media.  A  30''/  inhibi¬ 
tory  dose  (  IDmi)  of  CY-A  on  mitogen  stimula¬ 
tion  was  found  to  be  0,3 1.  O.IS,  and  0.05  ug 
for  PHA.  Con-A.  and  PWM  respectively.  The 
ID,,,  for  C  Y-A  on  allogeneic  respt)nscs  was 
0  25  ug/nti  Pokeweed  mitogenic  responses 
were  the  most  sensitive  in  our  series  while 


Suppressor  Cell  Ai  iiiiiy 

Milogenii  responses.  The  suppression 
conferred  on  PBl.  militgen  induced  prolifera¬ 
tion  is  shown  in  Pig.  5.  The  suppression 
demonstrated  by  both  Con-A  and  Con-.A  - 
CY-A  treated  cells  was  similar  for  all  three 
stimulatory  mitogens.  The  degree  of  suppres¬ 
sion  comparing  Con-A  to  Con-A  C^■-.A 
suppressor  cells  was  not  significantly  different 
in  these  experiments.  It  is  important  to  note 
that  the  proliferative  responses  in  these 
cultures  are  from  respsinding  autologous  cells 
and  not  from  the  added  suppressor  cells  since 
they  had  been  irradiated  (4000  rads)  prior  to 
their  .iddition  to  the  secondary  cultures. 

Allogeneic  responses.  Suppressor  cells 
were  added  to  mixed  lymphocyte  reactions 
Figure  6  demonstrates  the  suppression 
induced  by  the  addition  of  these  cells  to  the 
MLR.  There  was  a  <i4's  mean  suppression 
induced  by  Con-A  cells  compared  to  S3''i  by 
the  Con-A  ♦  CY-A  suppressor  cells.  These 
resptmscs  were  not  significantly  different 
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indicating  CA'-A  does  not  elfeci  suppressor 
cell  activits  once  these  cells  are  generated 
Suppression  was  more  pronounced  with  the 
more  specific  allogeneic  stimulation  than  with 
the  more  potent  but  less  specific  mitogens. 


DISCUSSION 

Although  the  specific  mechanism  of  immu¬ 
nosuppression  b\  CA'-A  remains  uncle.ir. 
several  in  vivo  and  in  vitro  studies  have  now 
shown  that  this  compviund  inhibits  ihvmus 
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Fig  4  R«tponM  of  primod  coffa  (controt,  CV-A  or  hydrocortiaono)  in  aocondory  cultura  with  original  atimulator 
Bm  Or  third  party  atimulator,  Ca,  or  Oa  Concontrationa  of  CV  A  or  hydrocortiaona  «vara  uaad  only  in  tha  primary 
cuHuraa 


dependent  (T-cell)  huinoral  and  cell  mediated 
immune  responses'  This  inhibition,  how¬ 
ever,  seems  to  be  limited  to  certain  subsets  of 
T-l\mphiK>tes.  .lilowmg  full  expression  of  the 
unelTeeied  subpi'pulation 

O'- \  IS  most  etVeeiive  at  suppressing 
Ivmphoevie  proliferation  in  response  to 
mitogens  iir  alloantigens.  This  suppression 
occurs  in  a  dose-dependent  fashion  to  bvilh 
stimulators  Vlaximal  suppression  was  seen  in 
Pokeweed  cultures  where  as  PHA  was  the 
least  inhibited  As  noted  b>  others.  MI  R  was 
inhibited  bv  CA'-A It  is  unknown  if  this 
mechanism  is  a  result  of  disruption  of  T;T 
interactions  or  T  B  recognition  during  the 
earl)  phase  of  MI  R  In  this  context  It  is 
interesting  that  CA  -  \  had  a  detinue  elTeci  on 


CON  A  TRt«T|U  t.lllS 


OS  A  (  S  *  Titt  ATIH  X  Ills 


Fig  S  Suppraaaion  of  mifoganic  ftimulation  m 
aacofftdary  culluraa  by  tha  addition  of  Con  A  or 
Con  A  •  CV  A  pratraatad  suppraaaor  lymphocytas 


primed  Kmphocvte  responses  in  secondarv 
cultures. 

These  memorv  cells,  primed  to  respond  to  a 
specilic  alloantigenic  stimulator  (reference 
cell)  lost  this  abilit)  to  undergo  blasiogenesis 
earlier  and  with  greater  magnitude  if  priming 
iKcurred  in  the  presence  of  CA'-A.  However, 
these  same  cells  were  able  to  respond  lo  the 
original  reference  stimulator  as  well  as  third 
part)  stimulators  in  a  normal  Ml.R  manner 
Cells  primed  in  hvdrocorlisone  media  in  doses 
much  greater  than  CA'-A  onlv  dclaved  the 
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primed  respiinse  b\  24  hours.  These  data 
would  suggest  that  CY-.\  interfered  with 
iiiemori  cell  recognition  in  the  sccondarv 
..ulture  but  that  this  loss  of  recognition  was 
'hort  lived.  This  temporarv  loss  of  "memorv “ 
mas  be  a  result  of  T:B  interference  in  the 
recognition  phase  of  MI.R.  .Mso.  it  would 
vuggest  that  specific  clones  of  lymphocytes 
.;re  not  eliminated  after  culture  with  CY-A. 

Reports  of  suppressor  cell  sparing  by  CY-A 
!  ave  recently  appeared  in  the  literature.* 

I  )ur  experiments  have  demonstrated  that  the 
.iddiiion  of  CV'-.^  to  Con-.A  cultured  PBL  did 
•lot  effect  the  generation  and  subsequent 
I  unction  of  suppressor  activity  in  these 
ymphocytes.  This  sparing  of  suppressor  cells 
was  present  over  a  wide  range  of  concentra- 
;ions  of  CA'-.\  in  the  primary  cultures. 
I  urther  studies  have  shown  that  cells  treated 


only  with  CY-A  do  not  induce  the  generation 
of  suppressor  cells  but  rather  allow  for  their 
expression. 

It  is  not  unreasonable  to  hypothesize  that 
the  mechanism  of  immunosuppres.don  with 
this  unique  compound  may  be  a  result  of 
inhibition  of  T-hclper  subpopulations  or  inter¬ 
ference  with  T-B  or  T-T  cell  interaction 
exclusive  of  T-suppressor  activity  .  This  would 
result  in  an  imbalance  in  immunoregulation 
which  favors  suppressor  activity  and  culmi¬ 
nates  in  profound  immunosuppression. 
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